The effect of the hybridization of 4f electrons on La, Ce, and Pr tripositive ions with ligand states or conduction electrons was simulated by reducing the Slater integrals involving the 4f electrons by 10% or 20%, depending on whether the integrand involves one or two 4f electrons, respectively. The dipole-allowed 4d→4f spectra were calculated. Observable effects, changes in line energies, and oscillator strengths, were compared with limited data available for ionic and metallic solids containing these lanthanides, and for Ce vapor. Many of the observed changes in the 4d→4f spectra attributed to hybridization effects are found qualitatively in the calculation. 
INTRODUCTION
The 4d~4f transitions in rare-earth ions ' are widely used in the photoelectron spectroscopy of rareearth metals, and compounds and alloys which contain them, via the technique of resonance photoelectron spectroscopy.
" In such studies, small changes in the "fine structure" below the threshold for continuum transitions occur as the environment of the rare-earth metal changes. Figure 1 gives an example of this for Ce, ' perhaps the lanthanide most frequently studied. These changes primarily consist of changes in the widths of structures, but peak position and relative strength changes occur also. Similar effects can be brought about by changes in temperature as well. ' Such changes have been attributed to changes in hybridization of the 4f electron(s) in the initial and final states of the transition with other states of the rare-earth ion, e.g. , in the difference between y-Ce and a-Ce metals, or with ligand states, e.g. , in the difference between y-Ce and Ce203.
As far as we are aware, there has been no justification for this, i.e. , no demonstration that such hybridization can lead to the changes observed.
The theoretical treatment of these transitions is based on the free tripositive lanthanide ion. ' ' Pr is still more complicated, with 144 dipole-allowed transitions. Figure 4 shows a plot of those lines with strengths above 0.01, as for Ce in Fig. 3 The temperature dependence of the two stronger lines in the La 4d~4f spectrum has been measured in LaF3. ' The strongest line is complicated by autoionization effects, but the line at 101.3 eV [ Fig. 2(a) Fig. 2(a) ], in agreement with the observed small shift. Figure 5 shows the absorption spectrum of Ce vapor and metallic fcc (y) Ce. There is also a calculated spectrum (dashed lines) similar to the one reported in Fig. 3 , which was then broadened for comparison with experiment. The peaks in the two experimental spectra are labeled with corresponding upper and lower case letters. Upon going from the vapor to the solid, peak 6 shifts to higher energy, peak c grows stronger, peaks d, e, and f shift to higher energy, peaks g and h shift to higher energy, and g grows in strength with respect to h. Peak k does not shift and peak l shifts to lower energy. In Fig.  3 we have used the same labels as in Fig. 5 , and we can see that nearly all these trends are in the calculation; going from the solid lines to the dashed lines represents going from no hybridization with other states to some hybridization, i.e. , from atom to solid. ' We can see the same trends in Fig. 1 The separations of the lines should be independent of such overall shifts, however. The spectra are labeled in Fig. 6 and in Fig. 4 of the broadening mechanism is lacking. ' The magnitude of the localized 4f charge lost by hybridization was fixed to be close to that found for a-Ce, and that value used for both the ground and all excited states of La, Ce, and Pr.
These simplifications could be removed in future calculations, but the data set for a more quantitative comparison probably is inadequate.
